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(54) SUPERCRITICAL WATER AND HEAT SUPPLY SYSTEM 

(57) Abstract: 

PROBLEM TO BE SOLVED: To provide a heat-supply system for 
supplying heat required in a large amount for supercritical 
water and calcining calcium carbonate when using a reaction 
system as a fuel reformer or raw material reformer in a 
practical scale. 

SOLUTION: In a system for supplying supercritical water 24 and 
heat 28 to an apparatus for producing hydrogen and methane by 
fixing carbon dioxide to calcium oxide 23 as calcium carbonate 
by reacting a carbon-containing solid fuel 21 with 
supercritical water 22, a device for supplying high 
temperature supercritical water which supplies supercritical 
water by heating and a device for supplying heat which 
supplies heat 2 required to calcine calcium carbonate 27 and 
regenerate the calcium oxide 23 are installed. 
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* NOTICES * 

japan Patent Office is not responsible for any 
damages caused by the use of this translation. 

1. This document has been translated by computer. So the translation may not reflect the original 
precisely. 

2. **** shows the word which can not be translated. 
3.1n the drawings, any words are not translated. 



DETAILED DESCRIPTION 

[Detailed Description of the Invention] 
[0001] 

[Field of the Invention] This invention makes the solid fuel and supercritical water containing carbon 
react in detail about supercritical water and a heat distribution system, and relates to the system 
which supplies supercritical water and heat at the equipment which manufactures hydrogen and 
methane by fixing a carbon dioxide to a calcium oxide as a calcium carbonate. 
[0002] 

[Description of the Prior Art] The solid fuel (henceforth carbon-containing meterial) containing 
carbon (C), such as coal, a crude oil, a fuel oil, an oil sand, timber, and a refuse-derived fuel, and water 
(H20) are made to react, and if water can be thermochemically disassembled using the chemical 
energy which carbon-containing meterial has, the gas which uses hydrogen (H2) as a principal 
component can be generated, and it can utilize as industrial use raw material reformers, such as a fuel 
reformer for d generation of electrical energy, or a chemical processing plant. This reaction is 
expressed with the water gas-ized reaction of a degree type (1), and the water gas shift reaction of a 
degree type (2). 

H20 + C -> H2 +CO (1) 

H20 + CO -> H2 +C02 (2) 

However, since the water gas-ized reaction of the above-mentioned formula (1) is a late reaction, it is 
the usual conditions, and even if it mixes water, carbon-containing meterial, or a steam and carbon- 
containing meterial and makes it contact, a reaction does not progress. Moreover, the water gas shift 
reaction of the above-mentioned formula (2) will reach and stop at a balance, if the carbon dioxide gas 
which occurred by the reaction is not always removed from the system of reaction. 
[0003] Here, when using hot supercritical water (a supercritical condition is the temperature of 375 
degrees C or more, and 22.2 or more MPas of pressures) with very high activity compared with usual 
water or a usual steam, the rate of the water gas-ized reaction of the above-mentioned formula (1) 
paid its attention to what will be improved by leaps and bounds. Moreover, by adding the calcium oxide 
(CaO) which is a carbonic acid absorbent to the above-mentioned supercritical water, the carbon 
dioxide (C02) of the right-hand side of the above-mentioned formula (2) is removed by the reaction 
shown in a degree type (3), and the reaction of the above-mentioned formula (2) can be promoted. 
C02 + CaO -> CaC03 (3) 

Furthermore, by combining with the reaction of the above-mentioned formula (1), (2), and (3), the 
reaction of a degree type (4) is produced and a calcium carbonate (CaC03) and hydrogen can be 
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generated. 

C +2H20 +CaO -> CqC03 +2H2 .... (4) 

A part of generated hydrogen reacts with carbon further, for example, it serves as methane (CH4) by 
the reaction of a degree type (5), and can take out the mixed gas of hydrogen and methane as a 
resultant. 

C + 2H2 -> CH4 (5) 

[0004] The above-mentioned calcium carbonate can be continuously reproduced from the system of 
reaction to a calcium oxide ejection and by heating (calcining) further again. The hydrogen of a large 
quantity can be generated efficiently and continuously by returning a calcium oxide to the system of 
reaction again, and carrying out the cyclic use of waste water as a carbonic acid absorbent. Such a 
manufacture approach of hydrogen and methane is expectable as industrial use raw material 
reformers, such as fuel reformers for a generation of electrical energy etc., or a chemical processing 
plant. And since the hydrogen and methane of a high grade can be extremely obtained compared with 
the equipment which uses, gasifies and reforms air and oxygen for the carbon-containing meterial to 
which development has been advanced conventionally, when it is used as a fuel for a generation of 
electrical energy, improvement in thermal efficiency can be aimed at, and when it is used as an 
industrial use raw material, reduction of manufacture energy can be aimed at. 
[0005] The above-mentioned formula (1) Although the reaction of - (5) is realized theoretically, in 
order to utilize as the fuel reformer and industrial raw material reformer of the power generating 
plant of practical use magnitude, or a chemical processing plant, it is necessary to supply a lot of 
supercritical water to the system of reaction continuously from the outside. Therefore, the approach 
of adjusting the amount of the water thrown in in a small hermetic container and the amount of 
heating from the outside like an above-mentioned experiment, and generating little supercritical water 
in a reaction container by batch processing has the problem that it is not realized on a scale of 
practical use. Moreover, in operation on practical use magnitude, it is necessary to carry out 
circulation utilization of the carbon-dioxide absorbent for effective use of a resource, and the 
formation of the trash minimum. For that purpose, although what is necessary is to heat the 
generated calcium carbonate to an elevated temperature (preferably 500 degrees C or more) 
(calcining), to reproduce to a calcium oxide, and just to return to the system of reaction as a carbon- 
dioxide absorbent again, it is necessary to supply a lot of heat continuously for that purpose. 
[0006] 

[Problem(s) to be Solved by the Invention] In case this invention carries out the system of reaction as 
the fuel reformer or raw material reformer of practical use magnitude, it aims at offering the 
distribution system of the heat continuous and for calcining of the supercritical water which is needed 
for a large quantity, and a calcium carbonate. 
[0007] 

[Means for Solving the Problem] In order to attain the above-mentioned object, the supercritical 
water and the heat distribution system of this invention In the system which supplies supercritical 
water and heat to the equipment which manufactures hydrogen and methane by making the solid fuel 
and supercritical water containing carbon react, and fixing a carbon dioxide to a calcium oxide as a 
calcium carbonate It is characterized by coming to have the elevated-temperature supercritical water 
feeder which heats and supplies supercritical pressure water, and the heat feeder which supplies heat 
required to carry out calcining of the calcium carbonate and reproduce to the above-mentioned 
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calcium oxide. 

[0008] A supercritical pressure boiler can be used as the above-mentioned elevated-temperature 
supercritical water feeder. The above-mentioned heat feeder can supply heat by obtaining heat from 
the exhaust gas of a supercritical pressure boiler. The above-mentioned heat feeder can supply heat 
by obtaining heat from the steam by which temperature up was carried out with the supercritical 
pressure boiler. 

[0009] Here, a supercritical pressure boiler is a facility which uses as a heated fluid the water by 
which pressure up was carried out with the feed pump more than critical pressure, and carries out 
temperature up to the temperature according to the application by combustion of a fuel. Since boiler 
water itself which is a heated fluid is supercritical water, supercritical water can be supplied to said 
reformer by taking out in the temperature region which the fuel reformer of the power generating 
plant of practical use magnitude or a chemical processing plant and an industrial raw material reformer 
require. Moreover, the heat for calcining of a calcium carbonate can be supplied to said reformer using 
either [ a part of ] the combustion energy of the boiler fuel which is a heat source, or the potential 
heat of boiler water which is a heated fluid. Thus, according to the system of this invention, according 
to the demand of said reformer, the supercritical water of an initial complement and the heat for 
calcining can be supplied continuously. Furthermore, since the degree of freedom is high, the design of 
a supercritical pressure boiler can respond easily by setting up beforehand the amount of supercritical 
water required for said reformer, a pressure, temperature, and the heat for calcining, taking them 
into consideration, designing a supercritical pressure boiler, and manufacturing or converting. That is, 
according to this invention, both combustion gas and boiler water that are a heating medium have a 
large temperature region, and the response to the temperature conditions which a fuel reformer or a 
raw material reformer requires can be made still easier. 

[0010] Furthermore, some supercritical water which is the heated fluid of the supercritical pressure 
boiler which makes it a key objective to supply supercritical water to other applications, such as an 
object for a generation of electrical energy It branches from the passage and a fuel reformer or a 
raw material reformer is supplied. On the other hand A part of heat source of a heating medium etc. 
or heat of a heated fluid is given to a heat feeder, the hot (preferably 500 degrees C or more) gas 
(typically air) of the temperature suitable for calcining of a calcium carbonate is manufactured, and it 
is supplied to said reformer. It is not necessary to form a supercritical pressure boiler independently 
only for said reformer, and, according to this invention, the whole installation cost can be reduced. 
Furthermore, said reformer side which received the heat for calcining in the form of a hot gas can 
distribute and sprinkle a calcium carbonate in the hot gas, and it can carry out calcining easily by 
contacting directly [ with a hot gas ]. 
[0011] 

[Embodiment of the Invention] Below, the gestalt of operation of this invention is explained, referring 
to an accompanying drawing, in addition, the number of such [ the matter (for example, carbon- 
containing meterial, supercritical water, a calcium oxide, etc.) supplied in this description through the 
line 21 shown all over drawing - 28 grades ] a line 21 - 28 grades - giving -- nominal **** ~ there are 
things. Generally being displayed as the calcium carbonate 27 in this case means the calcium carbonate 
supplied through a line 27. In order to give explanation simple, it indicates in this way. Thus, by 
indicating, it is carrying out that it is easier to be understood for this contractor. 
[0012] Drawing 1 shows the block diagram explaining the gestalt of operation of the supercritical 
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water of this invention, and a heat distribution system. With the gestalt of this operation, as shown in 
drawing 1 , carbon-containing meterial 21, supercritical water 22, and a calcium oxide 23 are 
introduced into the reactor 11 of a fuel reformer or the raw material reformer 1. More than critical 
pressure (22.2MPa), the pressure and temperature in a reactor 11 are considered at 400 degrees C or 
more from a reaction rate, and are kept desirable at them in 30-60MPa and the range of 650-800 
degrees C. Thereby, the reaction of the above-mentioned formula (4) is promoted. Here, the carbon- 
containing meterial 21 set as the refining object of a fuel reformer or the raw material reformer 1 is 
a large concept which says the thing containing the carbon (C) which produces the reaction of the 
above-mentioned formula (1), and contains biomass, a waste plastic, etc. Preferably, it is the object 
which mainly uses the reaction of the above-mentioned formula (1) industrially, and there are the fuel 
which uses carbon as a principal component also in it, for example, coal, a crude oil, a fuel oil, an oil 
sand, timber, a refuse-derived fuel, etc. Still more preferably, also in it, there is much abundance and 
the fuel with which the effective use will be called for further in the future, for example, coal, heavy 
oil, Orimulsion, or its combination exists. 

[0013] The resultant generated with the reactor 11 results in a heat exchanger 12. Moreover, 
supercritical water 24 is supplied to a heat exchanger 12 from the supercritical pressure boiler 4 in 
the exterior of a fuel reformer or the raw material reformer 1. In a heat exchanger 12, heat 
exchange is performed between a resultant and supercritical water 24, and supercritical water 24 
serves as an elevated temperature further. A resultant results to an eliminator 13 after heat 
exchange, and supercritical water 24 is introduced to a reactor 11. A resultant is separated into 
hydrogen and methane 25, water 26, and a calcium carbonate 27 by the eliminator 13. Hydrogen and 
methane 25 are sent to a power generating plant or a chemical processing plant 3 as a fuel or an 
industrial use raw material. Moreover, water 26 is sent to a purifier 16 and a calcium carbonate 27 is 
sent to the CaO regenerator 14, respectively. 

[0014] The water 26 separated with the eliminator 13 is a purifier 16, and separates the by-products 
8, such as a calcium chloride, a sodium chloride, and a sodium sulfide. The water 26 which separated 
the by-product 8 joins the supercritical water heated by the above-mentioned heat exchanger 12, and 
flows back to a reactor 11. Moreover, a by-product 8 is sent to the exterior of a fuel reformer or the 
raw material reformer 1, and is processed separately (drawing abbreviation). On the other hand, the 
calcium carbonate 27 separated with the eliminator 13 is the CaO regenerator 14, and generates a 
calcium oxide 23 by receiving supply of heat 28 from a supercritical pressure boiler 4, and carrying 
out calcining at an elevated temperature (preferably 500 degrees C or more). The generated calcium 
oxide 23 flows back to a reactor 11. Moreover, the carbon dioxide generated with the CaO 
regenerator 24 is sent to C02 decollator 15, and is separated and processed. 
[0015] A supercritical pressure boiler 5 uses as a heated fluid the water by which pressure up was 
carried out with the feed pump 41 more than critical pressure, and gives and carries out temperature 
up of the heat from the heat source 29 of a heating medium etc. After temperature up of the heated 
fluid is carried out to the temperature region demanded by the fuel reformer or the raw material 
reformer 1, it is taken out, and it is supplied to the heat exchanger 12 of a fuel reformer or the raw 
material reformer 1 as supercritical water 24. Moreover, a part of heat of the supercritical water 
which is the heat source 29 or heated fluid of a heating medium etc. is supplied to the CaO 
regenerative apparatus 14 as heat 28 for calcining of a calcium carbonate. The heat 28 for calcining of 
a calcium carbonate is supplied by the format and magnitude of the CaO regenerator 14 in the form of 
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having been suitable for it. For example, in the case of a mass CaO regenerator, generally, a calcium 
carbonate is distributed and sprinkled in a hot (preferably 500 degrees C or more) gas (typically air), 
and it performs calcining by direct contact into a hot gas. Then, a hot gas is utilized as a part of 
combustion air of a boiler. 

[0016] According to the gestalt of operation of drawing 1 , according to the demand of a fuel 
reformer or the raw material reformer 1, the supercritical water 24 of an initial complement and the 
heat 28 for calcining can be supplied continuously. Moreover, since the degree of freedom is high, the 
design of a supercritical pressure boiler 5 can respond easily by setting up beforehand the amount of 
supercritical water 24 required for a fuel reformer or the raw material reformer 1, a pressure, 
temperature, and the heat 28 for calcining, taking them into consideration, designing a supercritical 
pressure boiler 5, and manufacturing or converting. Furthermore, both combustion gas and boiler 
water that are the heating medium of a supercritical pressure boiler 5 have a large temperature 
region, and the response to the temperature conditions which a fuel reformer or the raw material 
reformer 1 requires can be made still easier. Moreover, by the above-mentioned heat feeder 42 
concerning this invention, in the CaO regenerator 14 of the fuel reformer which received the heat 28 
for calcining in the form of a hot gas, or the raw material reformer 1, a calcium carbonate 27 can be 
distributed and sprinkled in the hot gas, and calcining can be easily carried out by contacting directly 
[ with a hot gas ]. 

[0017] Drawing 2 shows the block diagram showing the gestalt of the operation which supplied heat 
with the exhaust gas of a supercritical pressure boiler about the supercritical water and the heat 
distribution system of this invention. Although the passage of boiler water in a supercritical pressure 
boiler 5 (supercritical water) is not shown in drawing, it is constituted by the combination of a heating 
tube, a header, a crossfire tube, etc. Since the temperature of boiler water rises according to 
passage, out of the combination of the heating tube which constitutes a supercritical pressure boiler 
5, a header, a crossfire tube, etc., boiler water chooses the medium header or crossfire tube 51 of a 
temperature region which a fuel reformer or the raw material reformer 1 requires, branches boiler 
water from there, and supplies supercritical water 24 to the heat exchanger 12 of a fuel reformer or 
the raw material reformer 1. Here, although the supercritical pressure boiler 5 was illustrated, if it is 
in the case of a supercritical water heater, generally, according to the structure, the header of the 
temperature which a fuel reformer or the raw material reformer 1 requires, a steam separator, and a 
crossfire tube are chosen, and from there, the supercritical water which is a heated fluid branches 
and should just supply supercritical water 24. 

[0018] Moreover, as shown in drawing 2 , the Guth Guth heat exchanger 52 which is one of the heat 
feeders is installed in the passage of the combustion gas which is a heating medium. The Guth Guth 
heat exchanger 52 manufactures a hot (preferably 500 degrees C or more) hot gas (typically air) by 
heating the gas for calcining which carried out pressure up with the gas circulation blower 53 with the 
potential heat of the combustion gas of a supercritical pressure boiler 5. By sending this hot gas to 
the CaO regenerator 14, the heat 28 for calcining of a calcium carbonate is supplied. The gas which 
contains so much the carbon dioxide which came out of the CaO regenerator 14 is sent to gas and the 
air heat exchanger 54, after carrying out heat exchange and carrying out heat recovery between the 
air by which pressure up was carried out with the pressure fan 55, a carbon dioxide is separated and 
processed with C02 eliminator 15, and the cyclic use of waste water of the remainder is returned and 
carried out to the gas circulation blower 53. On the other hand, the air by which heat exchange was 
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carried out is sent to the air box 56 of a boiler combustor, and is utilized as a part of air for 
combustion. 

[0019] According to the gestalt of this operation, energy efficiency can be raised by making and 
supplying a hot gas using the heat in the system of a supercritical pressure boiler 5, and collecting the 
heat of the surplus of the gas after calcining. Furthermore, it is possible to prepare the heat feeder 
by heat exchange with combustion gas in a supercritical pressure boiler 5, and an installation tooth 
space can be saved in that case. 

[0020] Drawing 3 shows the block diagram showing the gestalt of the operation which supplied heat 
with the steam of a supercritical pressure boiler about the supercritical water and the heat 
distribution system of this invention. Like drawing 2 , drawing 3 branches boiler water of a 
supercritical pressure boiler 5 from a medium header or a crossfire tube 51, and supplies supercritical 
water 24 to the heat exchanger 12 of a fuel reformer or the raw material reformer 1. However, it 
changes to the Guth Guth heat exchanger 52 of drawing 2 as a heat feeder, and a steam and the gas 
heat exchanger 58 are installed. A steam and the gas heat exchanger 58 manufacture a hot 
(preferably 500 degrees C or more) gas (typically air) by heating the gas for calcining which carried 
out pressure up with the gas circulation blower 53 with the steam taken out from the bleeding header 
57 of a supercritical pressure boiler 5. By sending this hot gas to the CaO regenerator 14, the heat 28 
for calcining of a calcium carbonate is supplied. Like drawing 2 , the gas which contains so much the 
carbon dioxide which came out of the CaO regenerator 14 is sent to gas and the air heat exchanger 
54, heat exchange is carried out between the air by which pressure up was carried out with the 
pressure fan 55, a carbon dioxide is separated and processed with C02 eliminator 15, and the cyclic 
use of waste water of the remainder is returned and carried out to the gas circulation blower 53 by it. 
On the other hand, the air by which heat exchange was carried out is sent to the air box 56 of a 
boiler combustor, and is utilized as a part of air for combustion. 

[0021] According to the gestalt of this operation, in addition to the advantage of drawing 1 and the 
gestalt of operation of two, since heat transfer of a steam is good, a heat feeder can be used as a 
compact. In addition, as a heat feeder, although d rawin g 2 explained the Guth Guth heat exchanger 
and drawing 3 explained the steam and the gas heat exchanger, these are instantiation and are not 
limited especially. Various kinds of heat feeders according to the class of heat source of the heating 
medium of a supercritical water heater etc. are applicable. 
[0022] 

[Effect of the Invention] According to this invention, the heat for calcining of supercritical water and 
a calcium carbonate can be continuously supplied from a supercritical pressure boiler like [ it is ****** 
and ] from the above-mentioned place. It makes it possible to apply and put in practical use the 
refining reaction which generates hydrogen and methane, making by this the supercritical water which 
added the calcium oxide react to carbon-containing meterial, and fixing a carbon dioxide as a calcium 
carbonate to the fuel reformer and industrial use raw material reformer of a mass power generating 
plant or a chemical processing plant. 

[0023] Moreover, by supplying the heat for calcining of a calcium carbonate continuously, a calcium 
carbonate is continuously reproduced to a calcium oxide, circulation utilization can be performed as a 
carbon-dioxide absorbent, and effective use of a resource and trash minimum-ization can be attained. 
Furthermore, by the continuous renewal process of a calcium carbonate, since the separation recovery 
of the carbon dioxide can be carried out in a high grade, reduction of the burst size to the 
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environment of a carbon dioxide can be aimed at. Moreover, improvement in the whole energy 
efficiency can be aimed at by using the heat in the system of a supercritical pressure boiler for 
playback of a calcium carbonate. 



[Translation done.] 
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DESCRIPTION OF DRAWINGS 
[Brief Description of the Drawings] 

[Drawing 1] It is a block diagram explaining the supercritical water and the heat distribution system 
of this invention. 

[Drawing 2] the supercritical water of this invention and heat distribution system ******, and 
supercritical pressure water — the exhaust gas of a supercritical pressure boiler — it is the block 
diagram showing the gestalt of the supplied operation. 

[Dr awing 3 1 the supercritical water of this invention and heat distribution system ****** t and 
supercritical pressure water — the steam of a supercritical pressure boiler — it is the block diagram 
showing the gestalt of the supplied operation. 
[Description of Notations] 

I Fuel Reformer or Raw Material Reformer 

3 Power Generating Plant or Chemical Processing Plant 
5 Supercritical Pressure Boiler 
8 By-product 

II Reactor 

12 Heat Exchanger 

13 Eliminator 

14 CaO Regenerator 

15 C02 Decollator 

16 Purifier 

21 Carbon-containing Meterial 

22 Supercritical Water 

23 Calcium Oxide 

24 Supercritical Water 

25 Hydrogen and Methane 

26 Separated Water 

27 Calcium Carbonate 

28 Heat for Calcining 

41 Feed Pump 

42 Heat Feeder 

51 Medium Header or Crossfire Tube 

52 Gas and Air Heat Exchanger 
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53 Gas Circulation Blower 

54 Gas and Air Heat Exchanger 

55 Pressure Fan 

56 Air Box of Combustor 

57 Bleeding Header 

58 Steam and Gas Heat Exchanger 



[Translation done.] 
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[Drawing 3] 
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